PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




lfflTONATjONAL APPLICATION PUBUSHED UNDER THE PAT EN T COOPERATE TREATY (PCT, 



(51) International Patent Classification 6 
A61K 9/127 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/13865 

25 March 1999 (25.03.99) 



(21) International Application Number: PCI7US98/19583 

(22) International Filing Date: 18 September 1998 (18.09.98) 



(30) Priority Data: 

60/059,233 



18 September 1997 (18.09.97) US 



(63) Related by Continuation (CON) or Continuation-in-Part 

(OP) to Earlier Application ^33 (CIP) 

pLon 18 September 1997 (18.09.97) 

(71) Applicant (for all designated States except US): DEPOTECH 
( . CORPORATION [US/US]; 10450 Science Center Dr.ve, 
San Diego, CA 92121 (US). 

3 SSp'ficants (for US only): KIM, Sinil [US/US]; 548 
(?5) ^rSnue, Solana Beach, CA 92075 (US) 

rUS/USV 426 S. Norton #201, Los Angeles, CA 90020 (US). 
MURDANDI, Sharad [IN/US]; 81 55 Cargill Avenue #1. San 
Diego, CA 92122 (US). 



(74) Agent: WETHERELL, John. R Jr.; Fish & Richardson Vg, 
Suite 1400, 4225 Executive Square, La Jolla, CA 92037 
(US). 



(811 Desienated States: AL. AM. AT, AU. AZ, BA, BB. BG. BR, 
(81) M^HM cu ^ DE, DK, EE, ES. FI. GB, GE, 
GH GM HR. HU. ID, IL, IS. JP. KE, KG. KP, KR, KZ, 
LC LK LR LS, LT. Lu. LV. MD. MG. MK, MN, MW. 
MX NO NZ PL. PT, RO. RU, SD. SE. SC. SI. SK, SL, 
TJ TM TR TT, UA, UG, US, UZ, VN, YU. ZW. ARIPO 
patent (GH. GM, KE, LS. MW, SD. SZ, UG. ZW). Eurasian 
paten AM, AZ. BY. KG. KZ, MD, RU, TJ, TM), European 
oatent (AT BE CH. CY. DE, DK, ES, FI, FR, GB. GR. 
K. LU, MC, NL. PT! SE). OAPI patent (BF. BJ CF. 
CG, CI, CM, OA. GN, GW, ML. MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: SUSTAINED-RELEASE LIPOSOMAL ANESTHETIC COMPOSITIONS 
(57) Abstract 

nerve block anesthesia. 



Codes used to identify 

Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cote d'lvoire 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 



FOR THE PURPOSES 

States party to the PCT on the front 



OF INFORMATION ONLY 

pages of pamphlets publishing international applications under the PCT, 



ES 

Fl 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

1L 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 



ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



WO 99/13865 



PCT/US98/19583 



0 



Sustained-Releas. Liposomal An« S the.ic Compositions 

Monty from provisional U.S. patent opp.ieation Serial No. 60/059,233, filed on 
September 18, 1997 is claimed. 

TI-irlrrrmirH ^th* Invention 
Xhis invention relates to liposomal fotmnlations of oomponnds snch 0= dtug, More 
particularly this invention relate, to method, of e„capsu,afi„g anesthet.es in multivesrcular 
Uposomeswithhighefficiencyandsusuinedmvivoratesofrelease. 

A local anesthetio's duration of notion following adminis.rn.ion is usually suffiorenrly 
long ,„ cover the pain inflicted during most surgical procedures. However, the dumtron of 
action is no, long enough ro cover most posr-operarrve pain, or pain horn many rnvasrve 
diagnostic procedures, or ftom injuries. Continuous mfirsion or repeated infiLrauon of a 
to l anes.he.ic into a surgical wound, dragnostic "port" or injury she is impraotroal. 
Uemfore.a^ined.releaaeformula.ionof^localanesthoricwouldo.usemlforparn 

_enr, especially in view of me currenr rrond fo, ou,-pa.ien. surgeries and emergency 
care comers. Desirahly, such formulations are useful in rrauma and diagnostrc pam, as well. 

Several approaches to develop sustained-release formulations of local anesthecs have 
been described in me literature. For example, polylactic-co-glycolic acid polymer 
nricrospheres containing bom bupivacarne and dexamerhasone have produced long duration 
of .ooal anesthesia. Crystalline forms of local anesthetics have also been sbownro 
duration of action. Lipophi.io bupivaoaine free-base incorporated into .he membranes of 

. ♦ ^,^;pnt loaded laree unilamellar liposomes have shown 
multilamellar liposomes and proton-gradient-loaaea large urn 

efficacy lasting 6 to 1 1 hours. 

Multivesicular liposomes <MVL)ar= being developed as a lipid-based susramed-relea* 
drug delivery system for local, regional or systemic dm, delivery. Susrained release of many 
wa.e,s.able drugs encapsulated i„.o MVL has been shown in animal models via intrathecal, 
subcuraneous, intraperitoneal and epidural routes of admrnisttation, as well as in human 
patiems via innacerobroventticular, intrathecal, subcutaneous and epidural roures. A 
, multicenter, randomized phase HI olimoal trial of a NTVL formulation of cytotoxic agen, 
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cyarabte has shown .ha. .his forn.ula.ion is more efficacious <han free cyarabine in .roaring 

leptomengial carcinoma. 

MVL are defined as liposomes containing multiple non-concentric chambers within each 
liposome particle, resembling a "foam-like" matrix. Such particles are to be distinguished 
, from multilamellar vesicles (MLV), also known as a multilamellar liposome, which contam 
m ultiple concentric chambers within each liposome particle. A further distinct particle is the 
unilamellar vesicle (ULV), also known as a unilamellar liposome, which encloses a angle 
internal aqueous compartment. The present invention relates to MVL. The prior art 
describes the preparation of MVL (Kim et al, Biochim. Biophys. Actain, 339-348, 1983). 

Many of the cationic biologically active substances used in MVL encapsulate 
techniques are used as salts of monoprotic mineral acids (for example, as hydrochlonde 
salts) The prior art has used such common.y available monoprotic mineral aad salts of 
cationic biolosically active substances for encapsulation into liposomes without any 
modification into a salt of diprotic or triprotic mineral acid. The prior art has also used 
15 organic acids such as citric or glutamic acids to effect encapsulation. 

Summary of the Invention 
The invention provides local anesthetics encapsulated in multivesicular liposomes 
(MVL) that is, lipid vesicles having multiple non-concentric internal aqueous chambers 
20 having internal membranes distributed as a network throughout the MVL. The chambers 
contain acids which are effective to enable the encapsulation of certain anesthetics and to 
modulate the release rate of the encapsulated anesthetics. The invention also provtdes 
methods of making such compositions, and of providing local anesthesia to subjects by 

administering the compositions. 

The prior art has used commonly available monoprotic (for example, hydrochloride or 
glutamic) salts of biologically active compounds. This has resulted in either unacceptable 
formulations for encapsulating the biologically active substances in MVL or very low 
encapsulation efficiency. The invention results from the surprising finding that inclusion of 
the free base form of anesthetic compounds solublized with phosphoric acid, or conversion 
30 of the commonly available hydrochloride salts of anesthetic compounds into phosphate (salt 
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of triproiic mineral acid) or sulfate salts (salt of diprotic mineral acid) for inclusion into 
MVL results in markedly improved encapsulation efficiency as well as sustained release in 
biologically relevant media. Polyalcoholic organic acids such as glucuronic or gluconic acid 
are also included, wherein such acid is co-encapsulated with anesthetics to assist 
encapsulation and to effect sustained-release of the anesthetic. Surprisingly, polyalcoholic 
organic acids are superior to non-polyalcoholic organic acids, giving compositions with high 
encapsulation efficiency and sustained release of anesthetic. Polyalcoholic organic acids 
greatly improve the encapsulation of anesthetic and the acceptability of the formulation. 
Sulfate salts and a number of other salts require the inclusion of such acids to form 

acceptable formulations. 

When the encapsulated anesthetic is administered as a single intracutaneous or 
subcutaneous dose, the duration of anesthesia and half-life of the drug at the local injection 
site is increased as compared to injection of unencapsulated anesthetic. The maximum 
tolerated dose of the encapsulated anesthetic is also markedly increased in the liposomal 
formulation over injection of unencapsulated anesthetic. 

The major use for the invention is for making sustained-release formulations of 
biologically active substances that have high diffusion rates through bilayer lipid membranes. 
Both the use of diprotic and triprotic mineral acid salts of biologically active substances and 
con-encapsulation of polyalcoholic organic acids enable these difficult-to-encapsulate drugs 
to be encapsulated easily and released slowly. 

Other features and advantages of the invention will be apparent from the following 
detailed description, and from the claims. 

Brief Description of the Drawings 

Fig. 1 A is a graph showing the anesthetic effect ( number of non responses to six pin- 
pricks) as a function of time following a single intracutaneous dose of MVL-encapsulated 
bupivacaine phosphate containing different concentrations of bupivacaine. 

Fig. IB is a graph showing the anesthetic effect (number of non responses to six pin- 
pricks) as a function of time following a single intracutaneous dose of unencapsulated 
bupivacaine hydrochloride at different concentrations. 
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Fig. 2 is a graph showing a comparison of the duration of anesthesia for the formulations 
of Figs. 1 A (MVL-encapsulated bupivacaine phosphate, filled circles) and IB 
(unencapsulated bupivacaine hydrochloride, open circles) as quantified by "time to half 
maximal response (R 3 )" (ordinate) versus concentration of administered dose (abscissa). 

Fig. 3 A is a graph showing the total amount of bupivacaine (mg) remaining at an 
injection site up to 72 hours following a single intracutaneous dose of MVL-encapsulated 
bupivacaine phosphate (filled circles) or unencapsulated bupivacaine hydrochloride (open 
circles). 

Fig. 3B is a graph showing the serum bupivacaine concentrations (|ig/mL) up to 72 
hours following a single intracutaneous dose of MVL-encapsulated bupivacaine phosphate at 
a concentration of 1 .0 percent (w/v) of bupivacaine (filled circles) or 0.5 percent (w/v) of 
unencapsulated bupivacaine hydrochloride (open circles). 

Demited Description 

Post-operative or post-trauma pain is thought to be most intense in the immediate post- 
operative or post-injury and subsequent 24-hour period. It is possible that improved control 
of post-operative pain can decrease pulmonary and gastrointestinal complications and 
perhaps shorten hospital stay. Systemic opiates commonly used to control pain during this 
post-operative period can depress pulmonary function and slow gastro-intestinal recovery. 
Other antinociceptive agents such as non-steroidal anti-inflammatory agent ketorolac 
tromethamine can increase bleeding and gastrointestinal irritation in this time of stress. 
Since nociceptive stimuli arising from surgical interventions or traumatic injury are usually 
local or regional in origin, prolonged local or regional sensory block for pain control is an 
intriguing concept. Thus, it is believed that improved treatment with local anesthetics 
involves maintenance of anesthetic level for a prolonged period. Unfortunately, the half-life 
of many anesthetics is very short after an intraperitoneal (IP), intravenous (IV), intrathecal 
(IT), intraartricular (IA), intramuscular (IM), or subcutaneous (SC) dose. Therefore, a slow- 
release preparation which provides a prolonged and sustained exposure at a therapeutic 
concentration of a local anesthetic is needed. The present invention is directed to the 
production, composition, and use of such a preparation. 
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Unless orherwise defined, all technical and seienfifie terms used herein have fir. same 

, i „,;],rm those described herein can be used m 

belones. Although methods and matenals similar to those descno 

citable methods and matenals are described 
the practice or testing of the present invention, suitable metnoas 

be l All publications, patent applications, patents, and other references mentioned herein 
a.incorporatedby reference intheir entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 
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.. nm , nnMd release oflocal anesthetics, particularly of the 
The present invention provides prolonged release 

idMy pe" oneirics, from MVL fo,.owing adminisnarion of compoaifions — g 
m e MVL. The invention utilizes a .oca, anesthet.c encapsulated in MVL. Thecal 
anesthetic gene* belongs ,o the class known as the amrde-rype anesrhencs. The name 
comes from the presence of the amtde (-NHCO-) linkage in the cenrral portton of fire 
molecule. The group linked ,0 .he nirrogen end of rhe amide is a subafirure pheny. nng 

plpv, or buryl. Examplesof such groups include 

1 ipheny,, 2,6-dieurylpheny,, and a.rhyl-d-merhyipheny,. if .he subsnruen, group ,s 2,6- 
dimethylphenyl. me local anes,he,,s are also refold ,o as 2.6,y.idide anodes. 

The group linked ,o the CO end of .he amtde linkage is desrgmued aa CHR.R, In the 
foregoina designation. R, is a secondary or ternary alkyl amine such as N-alkyl amine or 
N N-dia,kv, amine. Shot chain alkyl groups (from one ro four carbon aroma) are preferred. 

snbsriruen.s.TherhmeandmurmemberaMch.insoanb.ofanyconfigumnon.fira.,, 

slight chain(n-aikyl), or branched (iso-, sec, or rerr-alkyl). Al— h*. R, can be a 
^ondary or .erriary a.kyleneamino group, which fimher iinks ro R, For example, R, and 
R, can be linked by a secondary or ternary nirrogen-containing alkyl chain, ro form an N- 
alkyl subsfiurted prperidine or pyrrolidine ring. In such examples, rhe N-alkyl group ts 
preferablv a shorr chain (one to four carbon atoms), such as N-memyl, N-emyL N-propyl o, 
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N-butvl, in which the chain can be straight or branched. The R.-R 2 linking substituent can be 
o-piperidyl, 2-pyrrolidyl, 3-piperidyl, 3-pyrrolidyl, 4-piperidyl or 4-pyrrolidyl. Preferably, 
the substituent formed when Rl and R2 are linked by a secondary or tertiary nitrogen- 
contains alkvlene chain is 2- P i P eridyl or 2-pyrrolidyl. The stereochemistry of the 
compounds can be either R or S, depending on the most efficient anesthetic activity. For 
example, commercially available ropivacaine is found in the (S)(-) configuration. 
Bupivicaine is also found in the form known as levo-bupivacaine. In the foregoing 
designation, R is either hydrogen, short chain alkyl (one to four carbon atoms) or a 
secondarv or tertiary alkyleneamino chain which links to R„ as described above. 

The amide-type anesthetics which are useful in the present invention are described by the 
following structure: 



O 



R 3 -NH-C-CH s 

R 2 

wherein R„ and R : are as described above, and R 3 is an alkyl-substituted phenyl ring, as 
described above. 

Illustrative of the forgoing description of the amide-type anesthetics useful in the present 
invention are, for example, bupivacaine, levo-bupivacaine, mepivacaine, lidocaine, 
pvrrocaine, prilocaine, and ropivacaine. 

' The anesthetics should be present in the compositions of the invention in concentrations 
of from about 0.01% to about 5.0% w/v, or preferably from about 0.5% to about 2.0% w/v. 
The weight percentages are defined as weight of anesthetic per volume of MVL. 

The free base forms of local anesthetics of the invention can be solublized. Desirably, 
the water-soluble salt form is formed for their storage and delivery from MVL. The salt form 
can be introduced to the first aqueous phase of the MVL as such, or can be formed by addmg 
the free base form, and sufficient acid to solublize the anesthetics to the desired extent. The 
salt can be anv pharmaceutical* acceptable di- or tri-protic mineral salt, such as the 
phosphate or sulfate salt. Also useful are the polyhydroxyl carboxylic acid salts of the 
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^ahenc. such as the «— . gluconar* or gluoonusare sahs. Combinations of such sabs 

fern of polvhydroxy cartoxylare saUs. and di- and tri-ptortc mineral sal., Prafemd 
Idilnta of*. — arc .hose wirh a binary mixture of antide-rype anesrhe , sa, s. 



one derived from a 
mineral acid. 



polyhydroxy carboxylic acid, and the other derived from a di- or tri-protic 



Multivesicu lar T iposomes 

The anesthetic compositions of.be invenrion also inciude mulUvesrcular hposomes 
(MVL) which encapsulate and provide modulared and susuined release of .he anesutehes 
described above. The MVL are made by rhe following process. A "water-rn-otl type 
emulsion containing a non-hydrohafic acidsal, of any of.be anesrherics desenbed above ■ 
ted from .wo immiscible phases, a lipid phase and a firs, aqueous phase. 

The lipid phase is made up of ar leas, one amphiparhic Upid and a, leas, one neurra, Uprd 
ta a volafile organic solvenr. The rerm "amphiparhic lipid" refers ro modules havtrtg a 
hvdrophilic "head- group and a hydrophobic "rail" group and may have membrane-forrmng 
capabifirv. As used herein, amphiparhic lipids include those having a ne, negartve charg a 
J postfive charge, and awinenonic lipids (having no ne, charge a, .heir 
The » "neurral lipid" refers ,o oils or fars rhar have no veside-formusg capab, * by 
themselves, and Inch a charged or hvdrophilic "head" group. Examples of neutrai hprds 
ioclu de. bur are nor limired ro, glycerol esrers, glycol esters, rocophero, esrers, srero! esters 
^chiaoxachargedorhydrophUicWgnaup.andalhanesand^lones. 

The amphipamic lipid is chosen from a wide rang, of lipids havtng a hydrophobt. regton 
and a hydrophilic segion in rhe sant. mo,..*. Suitahl. antphipafiti. Upid. - zwrhenomc 

phospholipid, ^^^y^.v^M^^^^ 

Uhosphafidylcholmes, and iysophosphattdylethanoiantine, Also suitable are th. anromc 
amphipathic phospholipids such as phosphatidyls^* phosphafidy.senn.s 
phosphatidyl^, phosphafidrc acids, and cardiolipin, A!so suitable are rhe canon.. 
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amphipathic lipids such as acyl trimethylammonium propane, diacyl dimemylan^onium 

propanes, and stearylamine. 

Saiub.a neutral Upids are Tiglycerides, propylene glycol esrers. ethylene glycol esters, 
and soualene. Examples of triglycerides useful in the present invention are moletn. 
.ripa.mi.o.eit, mtnyris.ol.in, nilinolein, triburyrit, tricaproin, .ricapryUn, and tncapnn. The 
fatry chains in me triglycerides useful in .he presen. invenrion can be al, *e same, o. no. all 
,he same (mixed chain .riglycerides), including all different. Bo.h saruraKd and unseed 
fanv chains rue useful in the present invention The propylene glycol esters can be mtxed 
diesters of caprylic and capric acids. 

Manv types of volatile organic solvents can be used in the present invention, including 
ether, ester, halogenated ether, hydrocarbons, halohydrocarbons. or Freons. For example, 
diethvl ether, chloroform, tetrahydrofuran. ethyl acetate. Forane. and any combinations 
thereof are suitable for use in making the anesthetic compositions of the present mvenuon. 

Optionally, but highly desirably, other components are included in the lipid phase. 
Among these are cholesterol or plant sterols. 

The first aqueous phase includes an anesthetic, at least one polyhydroxy carboxyhc acid, 
and at least one di- or tri-protic mineral acid. In some embodiments of the invennon, also 
included is hvdrochloric acid. Hydrochloric acid is not an essential constituent, but rather » 
optional and desirable in some embodiments. The di- or tn-protic mineral acids include 
sulfuric acid, and phosphoric acid. Also included in the first aqueous phase are such 
polyhvdroxv carboxvlic acids as glucuronic acid, gluconic acid, and tartaric acid. The d,- 
and tri-prot'ic mineral acids and the polyhydroxy organic acids are present in the first aqueous 
phase in concentrations of from 0.0 1 mM to about 0.5 M, or preferably from about 5 mM to 
about 300 mM. When hydrochloric acid is used, it is present in lower amount, from about 
0 1 mM to about 50 mM, or preferably from about 0.5 mM to about 25 mM. 

The lipid phase and first aqueous phase are mixed by mechanical turbulence, such as 
throuah use of rotating or vibrating blades, shaking, extrusion through baffled structures or 
porous pipe, bv ultrasound, or by nozzle atomization, to produce a water-in-oil emulsion. 
Thus, the anesthetics of the invention are encapsulated directly in the first step of MVL 
manufacture. 
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The whole water-in-oil emulsion is ,he„ dispersed into a second aqueous phase hy means 
described above, to form solvent sphentles suspended in the second aqueous phase. The 
term -solvent spheres" tefets to a microscopic spherotd droplet of organtc so.vent. wtthtn 
which are suspended multiple smaller droplets of aqueous solutro. The resuUmg so - 
spheres therefore contain multiple aqueous droplets with the anesthetic dissolve .hereto. 
The second aqueous phase can contain additional components such as g,ucose, and/or 

The volattle ornanic solvent is then removed from the spherule, for instance by surface 
evaporation from the suspension. When the solvent is substantially or completely 
evaporated. MVL are formed. Oases which can be used fo, the evaporation melude muogen, 
a*„n. heltum. oxygen. hydrogen, and carbon d.oxide. Alternatively, the volatile solvent can 
amoved by sparging, rota* evaporation, or with the use of solvent selecnve membranes. 

Method ofP iovjdjng Anesthesia 

The invention also provides a method of providing regional aesthesia to a subject by 
administering the claimed anesdtetic compositions either intracutaneous*, subcutaneous* or 

ui i, -n,.Hnen«es can be administered either as a nerve block 
via a local or regional nerve block. The dosages can oe 

(including to the limit of acting as a motor block), or as a sensory block. 

The term "therapeutically effective" as it pettatns to the compositions of mis invenfon 
mehns mar an anesthetic preen, in the fits, aqueous phase within the MVL is released in a 
manner sufficient ro achieve a patrtcula, level of anesthesta. Exact dosages win va^ 
dependmo on such factors as the particular anesthetic, as we,, as patient factors such as age, 
sex geneml condition, and the like. Those of skill in the an can readily rake these factors 
mm aceoun. and use ,hem to establish effective theraneutie concentrations without resort to 

undue experimentation. 

Generallv however, the dosage range appropriate for human use includes the range of 
from about 20 mg to about 300 mg of total anesthetic. The upper limit is limited by the 
toxicity of the particular anesthetic, and the lower limit is approximately 10% of the upper 
limit. 

The invention will be further described in the following examples, which do not hrrut the 
scope of the invention described in the claims. 
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Examples 

« -nMt ; An anf » nroDerties of certain embodiments 
The following examples illustrate the preparation and propers 

of the present invention. 

B at i ■ Manafea a e - f B .■ r-.-j^-nho-nh^n^-i^ mvl 

Bupivacaine hydroch.orid= (Sigma Chem.cm Co.. St. Louis, MO) was — into 
bupivacaine phosphate h, iniria, precipitation of aqueous bupivacaine hydn.ch.onde w,,h IN 
sodium hydroxide ,o prepare the free base. The precipe was extensively washed w„h 
water and then converted into phosphate sa,t with an equimolar amount of phosphonc acd. 

For each batch of the formulation. 5 mL of a disconrinuous firs, aqueous component 
conntinina 60 mg/mL of buptvacaine phosphate. ,50mM 6 luouronicacid. la mN 
HvdrochJne acid, and 20 mM phosphoric acid was added ,0 a mixer vesse. 
component containing 5 mL of USP chloroform (Spectrum Chemical Co.. Garden, CA, as 
s „,ven. and .8.6 mM .a-diemcoy.-sn-glyceroO-phosphocho.me (DEPC). 4.2 mM 
dipalmitoy. phosphaudy.g.ycero, (Avanu Polar-Lipids, Inc.. Alabasrer, AL, (an antontc 
amphipathic hpid). 30 mM cho.es.ero. (AvanU Lipids), and .0.8 mM tricaprylin. The 
tangible firs, aqueous componen. and lipid componen. were mixed a. .6,000 rpm m an 
Omni-mixer (OMNI ln.ema.iona., Gainesvil.e, VA) for 9 minure, The resulting wa,=r-m- 
„U emulsion was transferred to a 50 mL mixing vessel contatning 25 mL of a contmuous 
seconda,ueou S componen,co„.aining32 mg/mLof g.ucose and ,0mM 
(Sigma Chcmtcal Co.. S, Louis. MO). The mixture was then mixed for 20 seconds a, 4000 

rpm in an Omni mixer. 

The resulting wamr-in-oil-in-warer doub.e emulsion was transferred to a 1 L Erlenmeyer 
flask containing 275 mL of the connnuous second aqueous phase (g.ucose, 32 mg/mL; free- 
base ivsine, 40 mM). The chloroform was evaporared for , 5 minutes under a consrant flow 
(90 Utnin) of nitrogen gas a, 37'C to fonn MVL panicles in suspension. The MVL paructe 
were isolated by cen.rifuga.ion a. 200 x g for 1 0 minutes, men washed three times wrth a 0.9 
percent (w/v) solution ofNaCI. Each batch was stored a. 2-8'C and used for subsequent 
studies within 48 hours. 
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The bupivicaine samples were so.ublized by adding an equimolar volume of a 1M ' 
so,u,ion of ,h= indicated acid and ,h=n slowly adding, with srhring, additiona! water un.,1 60 
nWmL or a clear solution was achieved. The pH was then adjusted to approximately a. The 
final bupivicaine concentration was determined b, HPLC against an internal aandard. 

For each formula.ton anempt. me first aqueous phase solution contained the bupivicatne 
counterion a, 60 mg bup.vicaine per mL. or the limit of solubility of Ore bupivicaine 
counrerion. at P H 5. Orher parameters for MVL manufacture was as desonbed above. 
Recovery refers to percent of buptvicaine in counterion solution encapsulated and recovered 
in final MVL product. For study 2. the first aqueous phase also contained 1 aO mM 
alucuronic acid. The results are shown in Table 1 . 
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Table 1. Recovery of MVL-encapsulated bupivicaine 
from Formulations Containing Various Acids 



Rnnivicaine (ms/mL) 


„ :J :^a.a additional acid recovery_(%) 






5.7 


60 


phosphoric 


60 


sulfuric 


(clumped) 


nitric 


no MVL formed 


23 


It 


hydrochloric 


no MVL formed 


11 


glucuronic 


34 


60 


tartaric 


clumped 




acetic 


no MVL formed 


41 




perchloric 


no MVL formed 


2.2 


otu ay ^ 






60 


phosphoric 


1 50 mM glucuronic 35 


1 f^n 
ll 


sulfuric 


1 50 mM glucuronic 16 


11 


nitric 

III Ll lv 


1 50 mM glucuronic 45 


40 


hydrochloric 


150 mM glucuronic 16 


26 


glucuronic 


1 50 mM glucuronic 48 


60 


tartaric 


150 mM glucuronic 20 


41 


acetic 


1 50 mM glucuronic 18 


2.2 


perchloric 


1 5 0 mM glucuronic no MVL formed 


60 


citric 


150 mM glucuronic 13 


60 


malic 


150 mM glucuronic 19 


Un 


succinic 


1 SO mM glucuronic 20 


The results in Table 1 demonstrate clearly that the addition of a polyhydroxy organic acid 
(in this case, glucuronic acid) in addition to one of a number of other acids, including 
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tnprotic mineral acid, such as phosphoric acid, or polyhydroay organic actds such aa 
Neuronic acid provides a remarkable syndic effect. This sudsing discovery leads «o 
"higher ioadiog aod recovery of ta MVL of .he invention .han previously found. 

pa nels ■.. vto f mmal Safe laaawigiiii Injections 

' Male guinea pigs weighing 800-1000 pans (Harlan Sprague-Dawley. San Dtego, CA) 
were used for efficacy studies. Male guinea pigs (Harlan-Spra^e-Dawley) weighing 400- 

>c u ^imatir studies The animals were housed, 1 per cage, in a 
600 grams were used for pharmacokinetic studies. 

temperature-controlled environmen, wirh alternating 12-hour periods of light and darkness 
and given unrestricted access ,0 food and water. Prior to each study, animals were 

. t .. i—t i Havs Female CD1 mice (Sprague-Dawley) 
habituated to the env.ronment for at least 7 da>s. rema. v 

weitrhuv 22-28 .rams were used fo, determination of — tolerated dose (MID) All 
animals "were maintained in accordance with guidelines of the Committee on Care and Use of 
Laboratory Animals of the Institute of Laboratory Antmal Resources. Nattonal Research 

Council. . . , 

The fotmuiattons of MVL-encapsulated buptvaoatne and bupivacame hydrochlortde 

prepared as described above were diluted in nonnal saline so that a constant volume of 1 mL 
contain* a dose a, concentrations of 2.1%. 1 .0%, or 0.5% (w/v) bupivacame. 
Concentrations were confirmed by stabilizing a 50p! aliquot of the MVL fotmu.atio„ m l 
mL of isopropyl alcohol followed by dilution ,» water and assay by a p— publitfce 
HPLC method as described (P. Le Guevello e, al.. J. C^a^rapHy 522.284-290. 199a). 
The HPLC analysis of rhe MVL fomtulattons revealed that less man 5% of total bupivacame 
was present in the formulation as noncapsulated bupivacaine. 

infiltration anesthesia studies were performed in the test guinea pigs using a modtfied 
mtracutaneous wheal pin-prick mode, as described (R. H. de Jong «. al.. Am*. Analo g 
52 401-5 . 980). Onthedayprecedingtheexperiment.hai,sonthebacksofutean,mals 
were clipped. Each animal received either a dose of MVL-encapsulated bupivacame 
(concentrations of 0.5. 1 .0 o, 2. 1 percent (w/v) bupivacaine) or noncapsulated buptvacatne 
(concentrations of 0.25, 0.5, 0.75 or 1 .0 (w/v) percent bupivacaine), which created a wheal. 
The margin of the wheal was marked with indelible ink. The reaction to pin pricks at the sue 
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ofinjection was tested just prior to injection (time zero) and 15 minutes, 3, 6, 12, 18, 24, 30 
and 36 hours following injection of MVL-encapsulated bupivacaine, and zero, 5, 15, 
minutes 1 1 5 2, 3, 4, 5, 6. 7 and 8 hours following injection of bupivacaine hydrochloride. 
The pin pricks were applied first to a control area outside the wheal at each time point. After 
observe the animal's normal reaction to the pin prick (vocalization response), six pricks 
were applied inside the wheal and the number of pricks to which the guinea-pig failed to 
react were recorded as non-responses. Each prick was applied at an interval of 3-5 sec. All 
animals responded with vocalization to all six pin pricks at baseline. 

The animal data obtained indicate a rapid onset of anesthesia following a single 
intracutaneous dose of bupivacaine encapsulated in MVL. followed by a prolonged duration 
of sensorv anesthesia lasting up to 28 hours, depending on the concentration of bupivacame 
in the MVL administered. The rapid onset of anesthesia is attributable, in part, to a low. but 
a sianificant fraction of unencapsuiated bupivacaine (approximately 5 % of the total) in the 
batches of MVL encapsulating bupivacaine used in these experiments. The duration of 
anesthesia obtained bv use of these formulations may cover the worst post-operative period, 
the first 24 hours. A longer anesthesia duration, perhaps 7 days or longer, would be more 
suitable for chronic pain, such as cancer or neuropathic pain. 

Sample 4: Data Analysis p fPffiracv Studies 

~ Anesthetic efficacy curves were plotted as the number of non-responses as a function of 
time. Areas under the curve (AUC) were calculated by the trapezoidal rule to the last data 
point With reaard to Fiu. I A. the MVL-encapsulated bupivacame concentrations by weight 
per volume percent (w/v%) were 2.1% (•)■ 1 .0% (■), and 0.5% (A). With regard to Fig. IB. 
unencapsulated bup.vacaine concentrations by weight per volume percent were 0.25 W), 
0.5%(A), 0.75%( 0 \ and 1 .0%(D). Each data point represents the average for 5 to 6 
animals. The error bars represent the standard error of mean (SEM). 

Evaluation of response to pin packs showed that complete local anesthesia (no response 
condition) was achieved within 1 5 minutes following intracutaneous administration of either 
the MVL formulation of bupivacame (Fig. 1 A) or of unencapsulated bupivacaine 
hydrochloride (Fig. IB). 
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Fig. 2 shows the duration of anesthetic effect as measured by the time to half maximal 
response (R 3 ) for the various doses of the MVL formulation (filled circles) and for 
noncapsulated drug (open circles). Each data point represents the average and standard 
error of mean (SEM) from 5 to 6 animals. These results show that the duration of anesthettc 
effect was concentration dependent in both cases. However, the MVL formulations 
containing concentrations 0.5 and 1 .0 percent by weight of bupivacaine phosphate were 
prolonged 3.2 and 2.9-fold, respectively, as compared to comparable doses of bupivacaine 
hydrochloride. 

Fvam ple 5: Det-rminntinn of Ma ximum T olerated Dose (MID) 
~ Determination of maximum tolerated dose (MTD) was done in mice using a 
subcutaneous test known in the art (R. H. de Jong e, a!.. Anesthesiology 5jt:177-81, 1981). 
Groups of three mice each were given injections of either 780 or 980 mg per kg body weight 
of the above-described MVL formulat.on containing bupivacaine sulfate as two divided 
doses of 500 ul each (total 1.0 mL volume). The doses were administered in rapid sequence 
into each flank. Control groups of 3 mice each received one of the test doses as a single dose 
of 10, 20, 30 or 50 mg/kg body weight of unencapsulated bupivacaine hydrochloride. MTD 
was defined as the highest dose at which none of the animals experienced systemic toxicity. 

These studies showed that none of the mice that received free bupivacaine hydrochloride 
subcutaneously showed any signs of systemic toxicity at doses of 1 0 and 20 mg/kg. 
However, at 30 and 50 mg/kg doses, two out of three, and three out of three animals, 
respectively, developed toxicity. On the other hand, the MVL formulation of bupivacaine 
sulfate administered subcutaneously at a dose of 780 mg/kg showed no sign of systemic 
toxicity in any of the animals; whereas three out of three animals had toxicity at a dose of 
980 mg/kg. Therefore, the MTD for unencapsulated bupivacaine hydrochloride was 
estimated to be about 20 mg/kg of body weight, and that for MVL-encapsulated bupivacaine 
sulfate was estimated at about 780 mg/kg of body weight. 

The most serious toxicity arising from the use of local anesthetics is seizure or 
cardiovascular collapse. Consistent with the lower peak serum concentration found 
following administration of the MVL formulations of bupivacaine, the maximum tolerated 
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dose for the MVL-encapsulated bupivacaine was many times higher than that for 
bupivacaine hydrochloride. These data would predict an increased systemic safety profile 
for the compositions produced by the method of this invention. The toxicity profiles of the 
active and inactive ingredients are well-defined, reducing the likelihood of finding 
unexpected toxicity. 

Fvam ple 6: p h*rmnrokinetic Studies 

~ The in vivo pharmacokinetics of the MVL formulations of bupivacaine and free 
bupivacaine hydrochloride were compared following a single 1 mL intracutaneous dose of 
the MVL formulation containing 1 .0 percent (w/v) of bupivacaine, or a dose of 0.5 percent 
(w/v) of unencapsulated bupivacaine hydrochloride to a group of guinea pigs. The lower 
concentration was selected for bupivacaine hydrochloride because the 400-600 gram animals 
were unable to tolerate a 1 .0% concentration dose of the unencapsulated drug. For the 
animals that received free bupivacaine hydrochloride, samples were collected at 0 and 30 
minutes, and 1, 3, 6, and 9 hours following injection, while the animals that received the 
MVL formulations of bupivacaine were sampled 0. 6, 12, 18, 24, 48, and 72 hours followmg 
injection. At each time point, 3 or more animals were first anesthetized with halothane and 
then exanguinated by cardiac puncture. Serum samples were obtained by centrifugauon of 
clotted whole blood. Skin was collected around the injection site with 3 cm margins, 
together with a 2-3 mm layer of underlying subcutaneous tissue. The skin and serum 
samples were kept frozen at -20°C until analysis. 

The amount of total bupivacaine remaining in the injection site was obtained by mincing 
the tissue followed by in tola homogenization in water using a Polytron homogenizer, 
(Brinkman, Littau, Switzerland). Bupivacaine was extracted from the homogenate and 
analyzed by HPLC using a previously published method (Le Guevello et aL,L 
rhrnr^to^ohv 622:284-290, 1993). Bupivacaine concentration in serum was determined 
by extraction followed by HPLC (Le Guevello et ai, supra). Tetracaine spiked into each 
sample before extraction was used as an internal standard. The limit of detection of the assay 
was 20 ng/mL. 
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Pharmacokinetic data obtained from the samples were analyzed usmg a 
noncomparrmental model (WinNonlin softwarc. Scientific Consulting, Inc.. Apex, HQ. 
Papers calculated were .ha drug amoun, remaining a, the injection sire *e area under 
*. "amoun, vs. time" curve (AUC), and dru, half-life <V> ■> addition ro the AUG and half- 
Bfe. peak concentration (C J was also reported for serum hupivacaine pharmaeokmedc, 

One wav analysis of variance (ANOVA) was used to separately determme dose 
dependent for the different drug formulations and route of administration (via MVL or free 
dm „ as well as for comparison hetween formulations. S.uden.-Newman-Keuls rests were 

tu u^n^Winetic Darameters obtained by these methods 
used on all ANOVA analyses. The pharmacokinetic parame 

are summarized in Table 2 below. 
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Table 2 



Pharmacokinetic Parameters Following Either a Single 1.0% DepoBupivacaine or 0.5% 
Bupivacaine Hydrochloride Intracutaneous Injection 





MVL-encapsulated Bupivacaine 


Bupivacaine hydrochloride 


Drug Concentration Administered 


1.0% 


0.5% 


Peak Amount (mg), Skin 


11.6 


3.8 


l A (hr), Skin 


12.0 


1.3 


AUC (mg*hr), Skin 


236 


2.9 


C mM (yug/mL), Serum 


2.9 


6.5 


l A (hr), Serum 


20.5 


2.1 


AUC (/ig*hr*mL- 1 ), Serum 


56.1 


21.2 


r\ Skin 


0.97 


0.85 


r, Serum 


0.89 


0.93 



The "drug concentration administered" is in units of weight of anesthetic per volume of 
MVL. The "peak amount" shows the maximum amount of the indicated substance in the 
skin sample. The "Cmax" is the maximum concentration of the indicated substance in 
serum. The "t'/ 2 " is the drug half-life. The "AUC area" is the area under the "amount vs. 
time" curve. The "r" is the square of the sample correlation coefficient. 

As these results show, following intracutaneous administration of the MVL formulation, 
the total amount of drug in the injection-site tissue decreased with a half-life of 12 hours 
compared to 1.3 hours for unencapsulated bupivacaine hydrochloride. Peak serum 
concentration of bupivacaine following a single intracutaneous dose of the 1.0% MVL 
formulation was decreased 2.2 fold (4.4 fold when corrected for the dose) compared to that 
following 0.5% bupivacaine hydrochloride. Similarly, the terminal serum half-life for 1.0 
percent (w/v) MVL formulations was 20.5 hours compared to 2.1 hours for unencapsulated 
bupivacaine hydrochloride at a concentration of 0.5 percent (w/v). 

The local injection site AUC for the MVL formulation was 81 times (41 times when 
corrected for the dose) that for unencapsulated bupivacaine hydrochloride, and the serum 
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AUG was 2.6 umes (1.3 times when corrected for the dose) that for bup.vacaine 
hydrochloride. 

Figs 3A and 3B show the result of the pharmacokinetic studies. Fig. 3A shows the 
amount of either MVL-encapsulated bupivacaine at a concentration of 1 .0 percent (w/v) of 
bupivacaine (filled circles) or unencapsulated bupivacaine hydrochloride at a concentrate 
of 0 5 percent (w/v) of bupivacaine (open circles) remaining at an injection site at Ume points 
tested over a period of 72 hours. Fig. 3B shows the serum concentration (uftnL) of 
bupivacaine following a single intracutaneous dose of the MVL-encapsulated formulation at 
1 0 percent (w/v) of bupivacaine (filled circles) or unencapsulated bupvacame 
hvdrochloride at a concentration of 0.5 percent (w/v) of bupivacaine (open circles). Each 
data point represents the average and standard error of mean (SEM) from 3 to 6 animal, A 
statistical sianificance level of 0.05 was used for all tests. 

The pharmacokinetics data obtained in the Examples herein were consistent with a 
prolonged duration of anesthetic effect. The anesthesia duration was 2.9- to 3.2-fold longer 
for bupivacaine encapsulated in MVL, and the half-life at the injection site was 9.2-fold 
longer compared to bupivacaine hydrochloride. The peak serum concentrate was 
decreased bv 4.5 fold (normalized to equivalent doses), and the terminal serum half-life was 
increased by 9.8-fold following administration of bupivacaine encapsulated m MVL 
compared to bupivacaine hydrochloride. 

In conclusion, a single intracutaneous dose of bupivacaine encapsulated in MVL resulted 
in a prolonged duration of anesthesia (up to 28 hours) and a 9.2-fold (uncorrected for dose) 
increase in local injection-site half-life compared to bupivacaine hydrochlonde. The 
maximum tolerated dose was increased by 39 fold compared to bupivacaine hydrochlonde. 
Therefore the formulations of the invention have utility for sustained infiltration anesthesta 
without the need for continuous infusion and may increase patient satisfaction. 

A number of embodiments of the present invention have been described. Nevertheless, it 
will be understood that various aspects, advantages and modifications of the invention may 
be made without departing from the spirit and scope of the invention. The foregomg 
description is intended to illustrate and not limit the scope of the invention, which is defined 
by the scope of the appended claims. 
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We claim: 

1 . A pharmaceutical composition comprising: 

a) a multivesicular liposome comprising 

at least one type of amphipathic lipid, and 
at least one type of neutral lipid; and 

b) an aqueous phase comprising 

polyhydroxy carboxylate salts and di- or tri-protic mineral salts of amide-type 

anesthetics, 

wherein the aqueous phase is encapsulated within the multivesicular liposome. 

2. The pharmaceutical composition of claim 1, wherein the aqueous phase further comprises 
hydrochloric acid. 

3. The ptam^utal composition of Cairn 1, wherein the amphipathic lipid is provided in 
admixture with cholesterol, plant sterols, or combinauons thereof. 

4 The pharmaceutical composition of Cairn 1 , wherein the di- or tn-protic mineral salts of 
the amide-rype anesrherics are selected ftom .he group consrsting ofsu.fa.es, phosphates, and 
combinations thereof. 

5 The pharmaceutical composition of claim 1 , wherein .he polyhydroxy carboxylate salts of 
the amide-type anesthetics are selected from the group consisting of glucuronare, gluconate, 
tartarate, and combinations thereof. 

6. The pharmaceutical composition of claim 1, wherein the amphipathic lipid is selected 
from the group consisting of phosphatidylcholines, phosphatidylethanolamines, 
sphingomyelins, ^phosphatidylcholines, lysophosphatidylethanolamines, 
phosphatidylglycerols, phosphatidylserines, phosphatidylinositols, phosphatide adds, 
cardiolipins, diacyl dimethylammonium propanes, and stearylamines. 
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7 The pharmaceutical composition of claim 1 . wherein .he neurral lipid is selected from the 
group consisting of triglycerides, diglycerides, ethylene glycols, and soualene. 

r i whprein the amide-tvpe anesthetic is a 
8. The pharmaceutical composition of claim 1 , wherein me amiu . P 

xylidide. 

9 The pharmaceutical composition of claim 8, wherein the xylidide is selected from . he 

^upconsis«»gofbupivacaine.mep^ 

and stereoisomers thereof . 

r q wherein the xvlidide has the following 
10. The pharmaceutical composition of claim 8, wherein tne xyn 



structure: 



0 R 
II / K 1 

R 3 -NH-C-CH s 

R 2 

wherein R, is a secondary or tertiary alkyl amine or a secondary or tertiary alkylene amine 
R : is hydrogen, alkyl or alkylene which farther links to R„ R 3 is an alkyl substituted phenyl 
substituent. 

, , The pharmaceurica, composition of claim 10, wherein R, and 8, fomt a substiruen, 
selected from the group consisting of (MX piP-dine, and N-alkyl pyrroUdtne. 

,2. The pharmaceutical composition of claim 10, wherein R, is 2,6-dimeutylphenyl 
substituent. 
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l J. A P-ocess for preparing a multivesicular liposomcencapsulared anesrhartc composition. 

the process comprising: 

a) fonning a "water-in-oiP type emulsion from a first aqueous phase and a volatUe 

organic phase, wherein the first aqueous phase comprises 

polyhydroxy carboxylate salts and di- or tri-protic mineral salts of armde-type 

anesthetics, 
and the volatile organic phase comprises 
a volatile organic solvent, 
at least one type of amphipathic lipid, and 
at least one type of neutral lipid; 

b) dispersing the "water-in-oil" type emulsion into a second aqueous phase to form 

solvent spherules; and 

c) removing .he volatile organic solvent from Ac solvenr spherules to form a 
multivesicular liposomo-encapsulated amide-type anesthetic suspended in the second 
aqueous phase. 

14. The process of claim 13, wherein the amide-type anesthetic is a xylidide. 

15 The process of claim 14, wherein the xylidide is selected from the group consisting of 
bupivacaine, mepivacaine, ropivacaine, lidocaine, procaine, prilocaine and stereo.somers 
thereof. 

16 A method of locally anesthetizing a subject, the method comprising subcutaneously, 
intracutaneously, or via a nerve block, injecting the pharmaceutical composition of claun 1 
into a subject in need of anesthetization. 



17. The 



method of claim 16, wherein the amide-type anesthetic is a xylidide. 
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, 8 The method of claim 1 7, wherein the xylidide is selected from the group consisting of 
bupivacaine, mepivacaine. ropivacaine, lidocaine, pyrrocaine, prilocaine and stereoisomers 
thereof. 

1 9 A method of increasing drug loading in multivesicular liposomes by converting an 
amide-type anesthetic into a binary salt mixture wherein the two counterions are denved 
from a polyhydroxy carboxylic acid and a di- or tri-protic mineral acid. 

,0 The method of claim 19, wherein the polyhydroxy carboxylic acid is selected from the 
group consisting of sulfuric acid, phosphoric acid, and combinations thereof. 

,1 The method of claim 19. wherein the di- or tri-protic mineral acid is selected from the 
group consisting of sulfuric acid, phosphoric acid, and combinations thereof. 

r> The method of claim 19, wherein the amide-type anesthetic is a xylidide, selected from 
the group consisting of bupivacaine, mepivacaine, ropivacaine, lidocaine, pyrrocaine, 
prilocaine and stereoisomers thereof. 
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